This talk will focus on some of the consequences that arise due to improvements that were made in such areas as surface characterization, materials development, power requirements and other technological advances, but primarily advances in computer hardware and software. These have led analysis from the arena of a closed-form solution of a single smooth contact (Hertz theory) to the semi-analytical analysis of rough contact, in which there may occur a large number of contacts due to the presence of many asperities. This paper will limit itself to the following aspects involved with contact that is not Hertzian: geometrical issues, friction, and finally, purely numerical issues that may relate to inelastic behavior.
INTRODUCTION
considered the contact between two dissimilar ellipsoids. The geometry was approximated as the contact of two half spaces whose mismatch was considered as two paraboloids with the area of the contact being an ellipsoid. The approximation was made that the dimensions of the contact was small compared with the radius of curvature of the paraboloids. Using ideas from potential theory the determination of contact stress was obtained in a closed form. This solution, which satisfies the assumptions of Hertz, is usually termed as Hertzian. Otherwise the solution will deviate from Hertz, and many examples of this deviation are given in Johnson (1985) .
Some contacts, which do not follow the Hertz approximations, can also be found in a closed form, such as a right-circular cylinder, a cone and others that are based on indentation in a circular region, whose profile can be given in terms of a Fourier series. Many problems involving interfacial friction can be solved in a closed form [see, e.g. Mossakovskii (1954) , Goodman (1962) , Spence (1975) , and recently Borodich and Keer (2004] . The analogous 2D cases can be determined by using analytic function theory.
A given problem can deviate from Hertz theory, when the geometry is no longer involves the indentation by an elliptical indenter. The most common case would be the elastic layer, which introduces an additional length scale into the solution. Such problems are easily solved if they fit within the framework of integral transform theory. For example double Fourier series or integrals can be used to solve for in indentation of rectangular domains and Hankel transforms can be used for circular domains on a half space. The solutions will be analytical but also require the numerical solution of an integral equation. It is obvious that if a solution can be found for a single layer using integral transforms, and then a solution can be found for indentation of any number of layers.
Friction problems can sometimes be considered as quasiHertzian, when solved in the manner of Cattaneo (1938) and Mindlin (1949) . For these cases the superposition of two Hertz stress distribution are superposed, revealing a region of stick and an annular region of microslip. Problems that are not Hertzian can involve the no-slip indentation of a monomial indenter (Borodich and Keer, 2004) . The relation between load and displacement in this case can be obtained in a closed form.
The types of problems mentioned above represent indentation of a single punch with a smooth profile. Recent work has focused on the need to solve rough contact problems on large computational grids (10 4 -10 6 ) nodes), requiring special fast numerical methods, such as the multi-level multi-summation (MLMS) technique (Brandt and Lubrecht, 1990) . This technique was applied to dry rough contacts by Lubrecht and Ioannides (1991) . Polonsky and Keer (1999) combined an alternative MLMS algorithm with an iteration scheme based on the conjugate gradient (CG) method, thus obtaining a fast contact solver that converges for arbitrary rough contact. September 12-16, 2005, Washington, D.C., USA 
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